A Gram-reaction-negative, non-motile, aerobic bacterium, designated HJ50
The genus Roseovarius was first created by Labrenz et al. (1999) to accommodate species of the family Rhodobacteraceae that divided by budding and were Gram-negative, aerobic and peroxidase-and catalasepositive. At the time of writing, the genus comprised five recognized species, Roseovarius tolerans (Labrenz et al., 1999) , Rva. nubinhibens (González et al., 2003) , Rva. crassostreae (Boettcher et al., 2005) , Rva. mucosus (Biebl et al., 2005) and Rva. aestuarii (Yoon et al., 2008) . T and Rva. mucosus DSM 17069 T were obtained from the DSMZ (Braunschweig, Germany). For analysis of lipoquinones and fatty acids, strain HJ50
T and the type strains of Roseovarius species were grown on MA at 30 u C for 3 days.
Morphology and cell size were determined by phasecontrast microscopy (Nikon 80i). Gram staining was performed with BD Gram stain kits according to the instructions of the manufacturer and by the non-staining method as described by Buck (1982) . Flagellation was examined by transmission electron microscopy using cells grown on MA at 30 u C. A Formvar-coated grid was floated on a droplet of sample on Parafilm for 1 min to permit adsorption of the specimen. The grid was then transferred onto a drop of negative stain (1 % phosphotungstic acid) for 30 s, blotted with filter paper and then air-dried. The sample was examined under a CM 20 (Philips) electron microscope. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was assessed using oxidase reagent (bioMérieux) according to the manufacturer's instructions after cultivation for 2 days. Acid production from glucose, single-carbon-source assimilations and additional physiological characteristics were determined using the API 20NE and API ID32GN galleries according to the instructions of the manufacturer (bioMérieux) except that the culture was suspended in 3 % (w/v) sea salts. For reference, the type strains were included in this comparison and all tests were performed under the same conditions. Salt tolerance was measured on YTSS plates containing 0-25 % (w/v) sea salts (Sigma). Plates were incubated at 30 u C for 14 days. The temperature range for growth was determined on YTSS plates incubated for 14 days at 0, 4, 10, 15, 20, 25, 30, 35, 37, 40, 45 and 50 u C. Anaerobic growth was performed in Hungate anaerobic culture tubes containing YTSS broth at 25 and 35 u C with nitrogen gas. The medium was reduced with 1 mM sodium sulfide and resazurin (1 mg l
21
) was used to check anaerobic conditions.
Strain HJ50
T grew well on both MA and YTSS agar. Young colonies were small, white and uniformly round. Older colonies were faintly pink in the centre with a characteristic umbonate shape, circular, had entire margins and glistening surfaces and were 1.8-3.0 mm in diameter after 5 days of cultivation at 30 u C on MA. Cells were ovoid to rodshaped and 0.5-0.861.3-3.0 mm in size, often with unequal ends (Fig. 1) , suggesting a budding mode of division. Flagella in negatively stained preparations and real motility were not observed but cells occasionally showed a turning motion on the spot. Strain HJ50 T could grow in the presence of 0.5-20.0 % sea salts (Sigma) in YTSS medium, with maximum growth observed in 3-4 % sea salts. No growth occurred without addition of sea salts. For the test cultures described below, a concentration of 3 % sea salts was used. Within the temperature range tested, the culture developed at 10-45 u C, with maximum growth at 35 u C. Growth was good at initial pH between 6.0 and 10.0, with optimum growth at pH 7.5. Strain HJ50
T was able to hydrolyse aesculin and gelatin and produce urease. Dissimilatory nitrate reduction to either nitrites or nitrogen was not found. Interestingly, strain HJ50
T could utilize propionate, 3-hydroxybutyrate and DL-lactate and produce acid from glucose, thus enabling it to be differentiated from other members of the genus Roseovarius (see Table 1 and the species description for further details). There was no indication of growth under anaerobic conditions for 1 month.
pufM encodes a key polypeptide in the bacterial photosynthetic reaction centre M subunit in various microorganisms (Zeng & Jiao, 2007; Allgaier et al., 2003) . To detect this gene in cells of strain HJ50
T , a pair of primers, pufM.557F and pufM.750R, was used to amplify the pufM gene (Achenbach et al., 2001) . PCR was run for 25 cycles with a DNA thermal cycler (MJ Mini; Bio-Rad). The following thermal profiles were used for PCR: predenaturation at 94 u C for 3 min and a repeated cycle of denaturation at 94 u C for 30 s, primer annealing at 60 u C for 30 s and extension at 72 u C for 45 s. The final cycle included an extension at 72 u C for 10 min. PCR products were separated by electrophoresis on an agarose gel (3 %, w/v) and stained with ethidium bromide. Band size was determined by comparison with a 100 bp ladder standard (Elpis Biotech). Production of bacteriochlorophyll a was determined by pigment absorption spectrum analysis (Lafay et al., 1995) . Strain HJ50
T was cultivated aerobically in the dark at 35 u C in MB. Pigments were extracted from the culture in the dark at 4 u C with 10 ml methanol. The presence of pigments was determined by visible spectrophotometry (300-900 nm) with a Biochrom Libra S21 spectrophotometer.
By using the PCR amplification approach, a specific 229 bp product, indicative of the presence of the bacterial photosynthetic reaction centre M subunit, was clearly amplified from strains of Rva. tolerans and Rva. mucosus (Allgaier et al., 2003; Biebl et al., 2005) . In contrast, this specific PCR product was not amplified from strain HJ50 T and bacteriochlorophyll a was not detected.
For cellular fatty acid analysis, strain HJ50
T and type strains of some Roseovarius species were cultivated for 3 days on MA. Cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification system (MIDI). The fatty acids were then analysed by GC (Hewlett Packard 6890) using the Microbial Identification software package (Sasser, 1990 ).
There were some differences between the fatty acid methyl ester composition of HJ50 T and those of type strains of members of the genus Roseovarius. Strain HJ50
T and other members of the genus Roseovarius contained predominantly C 18 : 1 v7c/v9t/v12t (summed feature 7), followed by Roseovarius halotolerans sp. nov.
C 16 : 0 (Table 2 ). In addition, C 19 : 0 cyclo v8c, an unknown fatty acid (ECL 18.079), C 12 : 0 and C 12 : 0 3-OH also occurred in the novel isolate. Strain HJ50 T differed from the other Roseovarius species in that it lacked iso-C 18 : 0 , which is found in Rva. tolerans and Rva. mucosus, and summed feature 3, which is found in Rva. nubinhibens and Rva. crassostreae.
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v) and purified by TLC on Merck silica gel 60 F 254 plates (20620 cm, 0.5 cm thick) using a mixture of petroleum benzene and diethyl ether (85 : 15, v/ v) as the developing solvent. Spots were scraped off and then analysed by HPLC as described previously (Collins & Jones, 1981; Shin et al., 1996) . Polar lipids were extracted and examined by two-dimensional TLC according to the method of Tindall (1990) (see Supplementary Fig. S1 in IJSEM Online). The major isoprenoid quinone was ubiquinone-10, as observed in Rva. tolerans (Labrenz et al., 1999) and Rva. mucosus (Biebl et al., 2005) . Strain HJ50
T contained diphosphatidylglycerol as well as phosphatidylglycerol, phosphatidylethanolamine and phosphatidylcholine, as shown previously in Rva. tolerans (Labrenz et al., 1999) and Rva. mucosus (Biebl et al., 2005) . In addition, cells of strain HJ50
T contained unidentified lipids. These results show clear differences in polar lipid composition compared with other members of the Rhodobacteraceae, such as Marinovum algicola, Leisingera methylohalidivorans, Ruegeria atlantica, Roseobacter litoralis and Phaeobacter inhibens (Labrenz et al., 1998; Martens et al., 2006) . Taken together, the major fatty acids and polar lipid data indicate that strain HJ50 T belongs to the genus Roseovarius.
For phylogenetic analysis of strain HJ50 T , DNA was extracted using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified from the chromosomal DNA using the universal bacterial primer set 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-TACGGYTACCTTGTTACGACTT-39) and purified PCR products were sequenced by Solgent, Daejeon, South Korea (Park et al., 2006) . Full 16S rRNA gene sequences were compiled using SEQMAN software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from GenBank. Multiple alignments were performed with CLUSTAL_X (Thompson et al., 1997) . Gaps Y.-S. Oh and others were edited using BIOEDIT (Hall, 1999) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1980) . The phylogenetic tree was constructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) methods in MEGA3 (Kumar et al., 2004) or the PHYLIP package (Felsenstein, 1993) with bootstrap values based on 1000 replications (Felsenstein, 1985) .
To determine the phylogenetic position of strain HJ50 T , its 16S rRNA gene sequence (1430 nt) was compared with those of type strains of members of the Alphaproteobacteria retrieved from GenBank. Phylogenetic analyses based on neighbour-joining, maximum-parsimony and maximumlikelihood analysis showed that strain HJ50
T could be placed within the evolutionary radiation enclosed by the genus Roseovarius (Fig. 2) . Analysis of specific signature nucleotides at several positions in the secondary structure of the 16S rRNA gene can be used to differentiate the Rva. nubinhibens/Rva. crassostreae cluster from the Rva. tolerans/ Rva. mucosus cluster (Biebl et al., 2005) . The helical regions of strain HJ50
T at positions 240-242/284-286 and 113-115/312-314 were characterized as UAG/CUA and GUU/ AAC, respectively, which were the same as in Rva. crassostreae, Rva. nubinhibens and Rva. aestuarii. However, nucleotides at positions 577-580/761-764 were GCAC/GUGC, which were the same as in Rva. tolerans and Rva. mucosus. 16S rRNA gene sequence similarities between strain HJ50
T and type strains of members of the genus Roseovarius ranged from 94.1 to 96.3 %.
For the measurement of the chromosomal DNA G+C content, the extracted genomic DNA was degraded enzymically into nucleosides and the G+C content was determined as described by Mesbah et al. (1989) using reversed-phase HPLC. The DNA G+C content of HJ50 T was 59.0±0.1 mol% (n53). DNA-DNA hybridization experiments were performed between HJ50 T and four type strains of members of the genus Roseovarius using photobiotin-labelled DNA probes and microdilution wells as described by Ezaki et al. (1989) Therefore, based on data from this polyphasic study, strain HJ50 T should be classified in the genus Roseovarius as a representative of a novel species, for which the name Roseovarius halotolerans sp. nov. is proposed.
Description of Roseovarius halotolerans sp. nov.
Roseovarius halotolerans (ha.lo.to9le.rans. Gr. n. hals salt; L. part. adj. tolerans tolerating; N.L. part. adj. halotolerans salt-tolerating, referring to the organism's ability to tolerate high salt concentrations).
Cells are Gram-reaction-negative, non-motile, aerobic and oval-to rod-shaped (0.5-0.8 mm in diameter and 1.3-3.0 mm long), frequently with unequal ends before and after division. Colonies are opaque, white to faintly pink in the centre, circular and glistening. Optimal growth temperature is 35 u C. Optimal pH for growth is 7.5.
Optimum growth occurs in the presence of 3-4 % sea salts; tolerates up to 20 % (w/v) sea salts. T within the Alphaproteobacteria. Bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are given at nodes. Filled circles indicate that the corresponding nodes were also recovered in trees generated with the maximum-likelihood and maximum-parsimony algorithms. The sequence of Burkholderia cepacia ATCC 25416
T was used as an outgroup and GenBank accession numbers are given in parentheses. Bar, 2 substitutions per 100 nucleotide positions.
